Abstract. The aim of this study is to assess the soil texture and nutrient components across three seasons at three different mangroves habitat according to the land used types; Kelantan (human settlement area); Johor (protected Ramsar's site) and Selangor (agricultural). The soils were sampled one-meter deep and divided into five segments for analysis. The pH of surface water for Selangor and Kelantan were slightly acidic ranging from 6.4 to 6.9. In Johor, the water was basic with value ranging from 8.3 to 8.7 across all seasons. Salinity in Selangor (26 ppm) was higher than in Johor (16 ppm) and in Kelantan (11 ppm). Johor and Selangor soils were dominated by silty loam, while Kelantan was dominated by sandy loam. Carbon, nitrogen, phosphorus and potassium analysis showed that they were significantly different in all locations but not between seasons. Except for phosphorus in Johor, consecutive depth did not influence the nutrient availability in mangrove soil. The results for carbon and nitrogen were following this order; Johor > Kelantan > Selangor, phosphorus; Selangor > Johor > Kelantan, potassium; Johor>Selangor>Kelantan. The protected mangroves habitat in Johor has siltier and clayey component and can retain more nutrients for the plant growth. Therefore, the conservation and preservation of mangroves habitat is crucial for the stable coastal ecosystems.
Introduction
Mangroves are a diverse group of predominantly trees, shrubs, palms and grounds ferns, which have adapted to the extreme saline conditions between the tides (Duke et al., 2002) . They are one of the most productive and unique ecosystems, growing on sheltered shores and in estuaries in the tropical and subtropical area (Hogarth, 2015) . Although the number of species diversity is low as compared to terrestrial ecosystems, it is the various adaptation abilities to survive the harsh environment (e.g. strong wind, high salinity and muddy substrate) that makes this ecosystem so critical and crucial for conservation. The largest mangroves areas are located in Asia, extending over 6.8 million ha and representing about 34-42 % of the world's total (Giri et al., 2011) . Furthermore, many mangroves species were located at the equatorial area or country such as Indonesia, Malaysia and Philippines (Spalding et al., 2010 ). This forest is high in values, serves multiple ecological roles and important for socio-economic and microbes continuity (Walters et al., 2008) . For instance, the high demand of charcoal and firewood had resulted in high production of mangrove woods in southern region of http://www.aloki.hu • (Matthijs et al., 1999) . Mangroves species that face tidal inundation daily or twice a month may tolerate extreme pH and high salinity (Nandy et al., 2007) . But, Wakushima et al. (1994) stated clearly that the pH and salinity were highly affecting the zonal distribution of mangroves. Kandelia candel is the species that can grow well in low pH and salinity, while Avicennia sp., Rhizophora sp. and Sonneratia sp. can tolerate extreme pH and high salinity (Wakushima et al., 1994) . In term of soil chemical or nutrient properties, mangroves areas are also subjected to the changes of chemical concentrations, either in soil or water. Yet, the study about this matter is limited. Mangals are finely balanced, highly effective nutrient sinks with net imports of dissolved nitrogen, phosphorus and silicon. Nutrient fluxes in these environments are closely tied to particle size, pH and salinity, water input, plant assimilation and microbial mineralization (Alongi et al., 2013) . Varying nutrient concentrations can also change competitive balances and affect species distributions (Chen and Twilley, 1999; Twilley and Chen, 1998) . The carbon (C) in soil is determined by organic carbon and the production of C is depending majorly from litter such as leaf, propagule, seed, trunk and root (Alongi, 2014) . The nitrogen (N) is highly present in soil through biological fixation, transformation and leaching (Nandy et al., 2007) . Like C, N concentration in soil is also originated from the decomposition process of litter and the lack of this element in soil will cause soil infertility (Ashman and Puri, 2002) . Phosphorus (P) element in soil is present as phosphate ion and it is required by the plant in large amount for growth (Greger, 2004) . Potassium (K -known as Kalium) is another element that present in soil in form of cationic (Ashman and Puri, 2002) . K is more abundant in silty or clayey soil compared to sand (Reef et al., 2010) .
In mangrove forest, the nutrients are supplied by the litter fall from trees and suspended materials from surface runoff above ground, fauna activities and microorganisms' decomposition mechanism (Cannicci et al., 2008 ). The litter fall or surface materials were utilized by macro invertebrates such as Scylla serrata and that is broken down into smaller sizes. Then, the process was taken over by microorganisms until all the materials deposit into the soil permanently.
Soil physical and chemical properties of mangrove forest can indicate the current status and can determine the characteristics of tested soil (Furukawa and Wolanski, 1996; Havlin et al., 2014) . Data obtained may represent the soil status of mangroves area thus to plan a proper action for enhancement of soil quality and governing ideal ecosystem. As medium of growth, soil should supply enough nutrients and have good characteristic to ensure better tree performance and establish greater forest ecosystem for wildlife conservation, economic value and most important to balancing environmental condition (Hopkins and Huner, 2004) . According to Gruber and Galloway (2008) , changes in land use patterns, coupled with climate issue and rising of global population have given a serious impact on nutrient release into the environment. Soil nutrient status has the most direct controls on the mangrove ecosystems (Alongi et al., 2003) . Concentrations of nutrients and organic matter in mangrove soil can also be subjected to anthropogenic activities nearby such as sewage discharge either from and waste dumping .
As a result, nutrient availability could threaten ecological balance in mangrove ecosystems. Yet, the study about the effect of soil characteristics is still lacking in mangroves area. Many authors focused on the crop study as the intention to develop agricultural activities is the main concern for many countries (Ashman and Puri, 2002; Havlin et al., 2014 
Material and methods

Study site
In this study, three sites within Peninsular Malaysia were selected based on mangroves forest status and the activities at the surrounding area. The sites chosen are shown in Figure 1 . The study was conducted within the Mangrove Forest Reserve (MFR) under the surveillance of Department of Forestry Peninsular Malaysia (DFPM). Generally, three criteria were selected; 1) mangroves at human settlement area (villages) at Kelantan (east coast), 2) mangroves at Ramsar's Site at Johor (southern-west coast) and 3) mangroves at agriculture area at Selangor (west coast). 
Delta Kelantan
The main river running through the delta is the Kelantan River, which meets the South China Sea at the east of the study area. A large delta has been developed by the river with sand spits and sand bars common at, and close to the outlets of larger river mouth. There are almost seventeen islands surrounding Delta Kelantan where area was covered with mangrove forests around 1200 ha. In this case study, Pulau Terendak (6º12'47.23" N 102º10'13.07" E) and Pulau Che Minah (6º12'44.38" N 102º09'53.84" E) were chosen and both locations were located in the western part of Kelantan Delta, Tumpat. Kelantan state's climate regime is influenced by the northeast and southeast monsoons that blow from late November to March and from June to September respectively. The estimated total amount of rainfall was 2700 mm per annum with heavy rainfall during the Northeast monsoon (November to March). The temperature ranged from 22.7 °C to 32.9 °C with and estimated mean of 26.8 °C. The humidity of the region was estimated to be about 83.7 % (Malaysian Meteorology Department (MMD), 2010a; 2010b). There were few species can be found at Delta Kelantan. But the most common species were Sonneratia caseolaris, Nypa fruticans, Avicennia alba, Rhizophora mucronata and Bruguiera gymnorrhiza (Satyanarayana et al., 2010) .
Ramsar sites, Johor
Johor is the southern states in peninsular Malaysia where also the home of three Ramsar Sites (wetland of Pulau Kukup, Tanjung Piai and Sungai Pulai Forest Reserves). Johor was estimated to hold 28.7 % (27,733 ha) of mangrove forests in Peninsular Malaysia (Wetlands International Malaysia, 2009). In Johor, Pulau Kukup (1°18'60.00" N 103°26'59.99" E), Tanjung Piai (01°16'1.177''N 103°30'37.766''E) and Sungai Pulai (1º23'39.01" N 103º32'33.3" E) besides being Ramsar Sites are also designated as State National Parks. Pulau Kukup, Tanjung Piai and Sungai Pulai covered about 10,299 ha of mangroves in Johor. Pulau Kukup is a mangrove island while Tanjung Piai and Sungai Pulai are coastal mangrove. In this study, only two from three Ramsar sites were chosen which are Tanjung Piai and Pulau Kukup. According to Tan et al. (2012) , Pulau Kukup has the higher number of species with 11 species compared to Tanjung Piai with only 9 species. Pulau Kukup are typical examples of a Rhizophora-Bruguiera dominated coastal forest. It is dominated by Rhizophora apiculata as the most common species, followed by Bruguiera cylindrica and Ceriops tagal, while Rhizophora mucronata is found along channels. The total amount of rainfall in this area was about 2104.1 mm. The highest and the lowest rainfall were in July (302. 
Soil sampling
Soil samples at one-meter depth were taken during low tide using a soil sampler (Eijkelkamp multi-sampler) at each location with three replicates. Then, the soil was divided into five segments according to vertical depth (0-20, 20-40, 40-60, 60-80 and 80-100 cm). The soil samples were taken during three different seasons; wet season (October-December), dry season (June-September) and inter-monsoon period (MarchMay) from November 2012 until July 2014 (Malaysian Meteorology Department (MMD), 2010a, 2010b). The soil was kept in sealed plastic bag at 4 °C and brought back immediately to the laboratory for further analysis. In laboratory, the soil samples were air-dried in room temperature for five days. Then, the soils were sieved through 2-mm screen to remove visible roots, litters and large elements such as shell.
Soil physical (texture) and chemical analysis
The soil surface water was taken for in-situ salinity test using a refractometer (Master-S10M, Atago Co. Ltd., Tokyo, Japan) and the pH was tested using a pH meter (IQ 170, Spectrum Technologies Inc., San Diego, USA). A total of 270 soil samples were sieved into less than 2 mm and further tested using a Beckman Coulter (LS 13, 320) to determine the soil texture (silt, clay and sand). The results were then calculated by percentage while the soil triangle (USDA, 1951) was used to determine the soil type.
The soil chemical studies were conducted using four nutrient parameters. The organic carbon (C) content was analysed using the Walkley and Black analysis (De Vos et al., 2007) and the results were reported in percentage (%). The total nitrogen (N) analysis was done using Kjedahl method and results for the determination of total nitrogen by distillation process were reported in percentage (%) (Nelson and Sommers, 1980) . Phosphorus (P) analysis was done by determining the available P in soil using the Deniege method and the results were reported in part per million (ppm) (Binkley and Fisher, 2012) . The potassium (K) analysis was done using the determination of exchangeable K by distillation method and the results were reported in cmol/kg (Ross, 1995) .
Statistical analysis
All the results from 2 sampling locations in each site were pooled together to represent only one site. Analysis of variance (ANOVA) was performed to compare differences in soil physical and chemical properties between study sites, seasons and vertical depth. Analyses were performed using SPSS (version 20.0), including the assumption tests. Means were compared using the Tukey honest significant difference (HSD 
Results
Soil physical analysis
In terms of pH, Selangor and Kelantan showed that the surface water were slightly acidic in wet and intermediate season ranging from 6.4 to 6.9, while slightly basic in dry season with value >7. On the other hand, sites in Johor indicated that the water was in basic condition with value ranging from 8.3 to 8.7 across all seasons. The salinity results were difference for each site, where Selangor study site showed the highest value ranging from 20 ppm to 26 ppm, followed by Johor with value of 14 ppm to 16 ppm. The salinity at Kelantan was the lowest with the average of 11 ppm.
In this study, the soil textures were different for each location. The results showed significant difference amongst sites for all parameters. The composition of clay and silt were recorded high in Johor site while sand composition was highest at Kelantan. But in term of season, there were no significant difference for all locations. At Johor and Selangor study site, the soils were dominated by silty loam type. Whereas, in Kelantan, the soil type was sandy loam type ( Table 1) . The detail results of the soil texture based on consecutive depth showed that different location had different trend. For example, in Selangor, the composition of clay increased going to the deeper segment. The result also showed that the clay in 60-80 cm significantly higher than 0-20 cm. In Johor, the results for silt and sand showed significantly difference between 0-20 cm and 60-80 cm. However, in Delta Kelantan, the soil texture showed no significant difference amongst depth (Figure 2) . The soil types were identified at the end of the study. At Johor study site, the soil textures were silt loam for all depth. On the other hand, at Selangor study site, the soil types were different between 0-40 cm and 40-100 cm, sandy loam and silt loam, respectively. At Kelantan, the soil textures were identified as sandy loam except for 60-80 cm ( 
Soil chemical analysis
The results showed that there were significantly different in terms of carbon, nitrogen phosphorus and potassium for all locations. The results for carbon and nitrogen were following this order; Johor>Kelantan>Selangor. The result also showed that Selangor has the highest concentration of phosphorus, followed by Johor and Kelantan. For potassium, the result showed a different trend. The potassium concentration in Johor was significantly higher to the other locations. The following order is Johor>Selangor>Kelantan ( Table 3) . With exception for phosphorus in Johor study site (Table 4) , all chemical properties according to consecutive depth were found to be not significant different. 
Discussion
The mangrove soil or sediment condition and properties are very important in maintaining the integrity of mangrove ecosystem so that it can fully functioning while providing services to mankind and environment. A sound physical and chemical qualities would ensure that mangrove forest can thrive well despite of worldwide's physically challenging pressure on mangrove land. Malaysia is blessed with 60 % of forested mangroves which includes some areas that have been gazette as Permanent Reserve Forest (PRFs) and declared as Ramsar sites (Jusoff, 2013; Wong, 2004) .
The pH value in Selangor and Kelantan was slightly acidic compared to Johor site. But those values which range from 6.5 to 9.0 are still within the suitable range for marine ecosystem (Robertson and Alongi, 1992) . Similarly, the salinity values were within the range for mangrove to grow in healthy condition (Kathiresan and Bingham, 2001) . Although the salinity level in Selangor was the highest compared to Kelantan and Johor site. According to Nandy et al. (2007) , mangrove species that face tidal inundation daily or twice a month may tolerate extreme pH and high salinity. The site on Carey Island recorded high salinity 20-26 ppm. Carey Island experience daily tide range varies from 1.5 to 2.5 m and spring tides and neap tides occur twice a month. The site is exposed to high energy wind and currents, and shipping activities at the nearby Port Klang, whereby the current flow can go up to 70cm/s (Rizal et al., 2010; Sakmani et al., 2013). These winds generate waves with heights of 0.1 to 1.5m on the coasts of Carey Island with wave periods of 2∼8 s (Muzathik et al., 2011) . Kelantan showed very low salinity value, 11 ppm due to its deltaic settings. Johor site also recorded a low value with 14-16 ppm. Its location within a small and narrow Straits of Johor might impending a high salinity influence from the seawater.
Determination of the physical characteristics of the soil texture is important to further explain its ability to retain soil nutrients in the targeted area. Silt and clay particles are finer than sand and have a higher ability to trap nutrients (Ashman and Puri 2002; Kamaruzzaman et al., 2004; Nguyen et al., 2013) . In our study, Johor study site recorded a finer soil particle compared to Kelantan and Selangor, with higher percentage of silt and clay compared and therefore, it is expected to retain more nutrients.
The sedimentation refers to the deposition of inorganic or organic matter onto the soil surface in two condition; allochthonous and autochthonous. Kristensen et al. (2008) explained allochthonous is the material derived from outside the mangrove area. For example, Sundarbans mangrove area received over billions of tonnes of sediment from Ganges-Brahmaputra River. Autochthonous refers to the material derived within the mangroves area such as leaf litter, dead trunks and branches, and roots (Cahoon et al., 2003; McKee, 2011 Furthermore, soil physical characteristics also influence primary soil nutrients such as carbon (C), nitrogen (N), phosphorus (P), and potassium (K) (Havlin et al., 2014) . Many mangrove sediments have extremely low nutrient availability and high salinity, although they can vary greatly among and within mangrove forests (Reef et al., 2010) . In contrast to most terrestrial soils, the flooded soils greatly restrain nitrification, the microbial formation of NO3 -, which would result in a low nutrient bioavailability in the intertidal sediments (Li et al., 2008) . N deficiency (Feller et al., 2002, b; Reef et al., 2010) and salinity (Wakushima et al., 1994) have repeatedly been found to be important factors limiting mangrove productivity. Cheng et al. (2012) discovered that a moderate salinity could delay the entry of metals into the roots and thereby contributed to a higher metal tolerance.
The soil nutrients at Johor study site showed the highest concentration; i.e. CNK. But, for P, the value was lower than in Selangor. The soil results also showed a high concentration of nutrients in the bottom soil. This is followed what Havlin et al. (2014) discovered that more nutrients were concentrated in deep soil as a result of plants with extensive roots system, where the roots act as conduits for nutrients from the surface. Without any vegetation, nutrients were concentrated near the surface as a result of natural phenomena like weathering and atmospheric pressure (Jobbagy and Jackson 2001). A high concentration of nutrients, especially in the bottom soil, is very important so that they can be absorbed effectively by higher plants that have extensive root systems (Reef et al., 2010) .
Mangroves also known as carbon-rich ecosystems that provide dumping pools for carbon from the atmosphere, allocthonous riverine, ocean elements and authochthonous organisms mechanism (Steven et al., 2004) . C concentration was highest in the Johor and Kelantan sites, where those areas were not really affected by agriculture activities, unlike in Carey Island. According to Havlin et al. (2014) , C is a fundamental element in mangroves as it promotes biological and physical health and protects from harmful elements. C concentration in the soil is largely determined by the volume of organic carbon as it is required in large amounts and can be obtained predominantly from the atmosphere. Soil organic carbon (SOC) is affected by both biotic and abiotic activities (Hopkins and Huner, 2004) .
In this study, N also was highly concentrated at Johor and Kelantan. This is important because deficiency in N could result in soil infertility (Havlin et al., 2014) . In soil, the ranges of N are about average of 0.05 % and the concentrations decrease with soil depth (Havlin et al., 2014) . In our study, the N concentration at Selangor had the minimal effect to the mangroves growth. Some mangrove plants can accumulate the N through atmospheric nitrogen fixation or symbiotic bacteria present on or in the plants (Reef et al., 2010) . The ammonium concentration is higher in muddy areas with high clay and silt composition compared to sandy soil (Alongi et al., 2013 ). Ashman and Puri (2002) described that the small particles such as silt have the stronger ability to retain N compared to sandy soil.
The P concentration was recorded high at Pulau Carey, Selangor. This is might be due to a small river running within Carey Island and receives sediments from the existing oil palm plantation activities as well as rainfall. The standard amount of P in soil must be within the range of 30-50 ppm (Havlin et al., 2014) . For Johor and Kelantan, the values were below the minimum range. Potassium has also been used in fertilizer to increase soil fertility and acts as an indicator of healthy plants (Ashman and Puri, 2002; Havlin et al., 2014) . The lack of K value in soil could lead to unhealthy plant growth. K is usually more abundant in silt or clay soil (Reef et al., 2010 The current study found the amount of K was highly at Johor, followed by Selangor and Kelantan. At Kelantan study site, the value of K was within the range from very low to high concentration. The maximum values for K in soil should not less than 0.41 cmol/kg (Havlin et al., 2014) .
Johor is expected to retain higher nutrient since this area was not really disturbed from anthropogenic activities, being gazetted under the Ramsar Site Treaty. This action is a very sound and exemplary of retaining mangrove forest so that little or none disturbance can be expected towards this site. And in turn, the mangroves forest at Tanjung Piai and Pulau Kukup were declared as Johor's State Park and proven that conservation status could well retain the quality and quantity of mangrove forest (Jusoff and Taha, 2008) . Mangrove species differ in their growth-response to salinity. Our study sites recorded a reasonable value of salinity, as Patel et al. (2010) suggested that in extreme saline habitats N, P, K, Ca and Mg can be limiting factors for the growth of A. marina.
Conclusion
The soil in Johor and Selangor are dominated by silty loam while Kelantan soil is dominated by sandy loam. Nevertheless, the soil texture in these three study sites indicate stability in soil physical properties since there are no changes across seasons. In term of soil nutrient properties, the protected mangrove area in Johor has higher carbon, nitrogen and potassium compared to other sites. On the other hand, phosphorus concentration in Selangor soil is the highest which might be due to the run-off from oil palm agriculture site. Generally, there are no changes of nutrient concentrations across seasons except for carbon which is much higher in dry season in Selangor and Kelantan, while phosphorus level in Selangor is higher in wet season. Based on the depth, the nutrients are stable since there are no changes for all parameters except for phosphorus in Johor where it was found that the phosphorus was significantly higher in deeper soil.
The finding of this study indicates that the different mangrove habitats according to the land use types yielded different results in soil texture and nutrient composition. The protected mangrove habitat in Johor has siltier and clayey component which in turn can retain more nutrients for the plant growth. This finding proved that conservation and protection of mangrove habitats are needed to maintain the ecosystem services and functions for the well-being of mankind.
